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,I WKHPROHFXODUVWUXFWXUHRIDSRO\PHU LVKLJKO\ULJLGVRWKDW WKHVSDFHHIILFLHQWSDFNLQJ LQ WKH
VROLG VWDWH LV SURKLELWHG LQWULQVLFPLFURSRURVLW\ FDQ DULVHZKLFKPD\ FUHDWH KLJK IUHH YROXPH
$PRQJ WKH SRO\PHUV KDYLQJ WKLV QRYHO FKDUDFWHULVWLF IHDWXUH 3,0 FRQWDLQLQJ WKH FRQWRUWHG
VSLURELVLQGDQH XQLW KDV VR IDU EHHQ WKH PRVW DWWUDFWLYH FKRLFH GXH WR WKH UHODWLYH HDVH RI
V\QWKHVL]LQJSRO\PHUVZLWKKLJKPROHFXODUZHLJKW0RUHRYHU3,0 RIIHUV WKHFRPELQDWLRQ RI
RXWVWDQGLQJ SHUPHDELOLW\ ZLWK PRGHUDWH VHOHFWLYLW\ HVSHFLDOO\ IRU 21 DQG &2&+ SDLUV
ZKLFK VKRZV WKH XSSHU ERXQG WUDGHRII LQWURGXFHG E\ 5REHVRQ >@ +RZHYHU WKH ELJJHVW
FKDOOHQJHRI3,0WRILQGDSUDFWLFDOXVHLQJDVVHSDUDWLRQWHFKQRORJ\KDVEHHQWKHVLJQLILFDQW
ORVVRISHUPHDELOLW\ LQ ORQJWHUPPHDVXUHPHQWV6HYHUDOVWXGLHVKDYHEHHQ UHSRUWHG WRVROYH
WKLVSUREOHPDVZHOODV WR IXUWKHU LPSURYH WKHSHUPHDELOLW\DQGVHOHFWLYLW\RISULVWLQH3,0E\
PRGLI\LQJWKHPROHFXODUGHVLJQ>@,QFRUSRUDWLRQRIFDUERQQDQRWXEHV&17LQSRO\PHUEDVHG
PHPEUDQHVKDYHDOUHDG\EHHQSURYHGWRLPSURYHWKHJDVVHSDUDWLRQSHUIRUPDQFHZKLFKPDGH
WKHPDQLGHDOFDQGLGDWHWREHXVHGDVQDQRILOOHUV>@0L[HGPDWUL[PHPEUDQH000EDVHG
RQ FDUERQ QDQRWXEHV DQG SRO\PHUV H[SORUH WKH SRVVLELOLWLHV RI RYHUFRPLQJ WKH WUDGHRII
EHWZHHQVHOHFWLYLW\DQGSHUPHDELOLW\%XWWKHHIIHFWLYHXVHRI&17VLQ000JUHDWO\GHSHQGVRQ
WKH DELOLW\ WR GLVSHUVH WKH &17V XQLIRUPO\ LQ WKHPDWUL[ 7KH IXQFWLRQDOL]DWLRQ RI &17V LV DQ
HIIHFWLYHZD\WRSUHYHQWQDQRWXEHDJJUHJDWLRQZKLFKKHOSVWREHWWHUGLVSHUVHDQGVWDELOL]HWKH
&17V ZLWKLQ D SRO\PHU PDWUL[ >@ 7KH PDLQ LQWHQW RI WKLV ZRUN LV WR VWXG\ WKH HIIHFW RI
LQFRUSRUDWLRQ SRO\HWK\OHQH R[LGH IXQFWLRQDOL]HG PXOWLZDOOHG FDUERQ QDQRWXEHV I0:&17
XSRQ SHUPHDELOLW\ VHOHFWLYLW\ DQG ORQJ WHUP VWDELOLW\ RI SHUPHDQFH LH VWDELOL]DWLRQ RI WKH
SRO\PHUPDWUL[DJDLQVWFRPSDFWLRQE\WKHSUHVHQFHRI&17VRI3,0PHPEUDQH
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6\QWKHVLV 3,0 SRO\PHU ZDV V\QWKHVL]HG E\ SRO\FRQGHQVDWLRQ UHDFWLRQ RI ¶¶
WHWUDK\GUR[\¶¶WHWUDPHWK\O¶VSLURELVLQGDQHZLWKWHWUDIOXRURWHUHSKWKDORQLWULOHLQ
GLPHWK\ODFHWDPLGH '0$F 7KH PROHFXODU ZHLJKW 0Z DQG SRO\GLVSHUVLW\ 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GHWHUPLQHG E\ JHO SHUPHDWLRQ FKURPDWRJUDSK\ *3& LQ FKORURIRUP DJDLQVW SRO\VW\UHQH
VWDQGDUGV
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URXQGERWWRPIODVNDQGVRQLFDWHGIRUPLQDW&ZWRI3,0ZDVFRPSOHWHO\GLVVROYHG
LQFKORURIRUP$IWHUILOWHULQJWKHSRO\PHUVROXWLRQYLDDSRURXVVWHHOILOWHUWKHGHVLUHGDPRXQWRI
I0:&17V LH   ZW  ZDV DGGHG LQ WKH 3,0 VROXWLRQ 7KH VROXWLRQVXVSHQVLRQ ZDV
VWLUUHGZLWK DPDJQHWLF EDU IRU  KU000ZHUH SUHSDUHG E\ GLS FRDWLQJ XVLQJ D ODERUDWRU\
VFDOHFDVWLQJPDFKLQHRQ3$1VXSSRUW7KH000ZHUHWKHQGULHGDWURRPWHPSHUDWXUHXQGHU
DWPRVSKHULFSUHVVXUHIRUK
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0HPEUDQHVPDGHIURP3,0VZLWK0:&17VLQVLGHVKRZDKLJKHUSHUPHDQFHRIR[\JHQDWWKH
EHJLQQLQJRIWKHPHDVXUHPHQW2QHUHDVRQIRUWKLVFRXOGEHOHVVFRPSDFWLRQRIWKHPHPEUDQH
DIWHU WKH FDVWLQJ UHVSHFWLYHO\ WKH HYDSRUDWLRQ RI WKH VROYHQW 7KH GHJUHH RI DJLQJ LV
DSSUR[LPDWHO\ HTXDO IRU SXUH 3,0 DQG 3,0 ZLWK0:&17V EXW DIWHU  K WKH SHUPHDQFH LV
FRQVLGHUDEO\ KLJKHU 7R SUHYHQW WKH GHFUHDVLQJ RI WKH IOX[ ZHUH XVHG IXQFWLRQDOL]HG 3(2
IXQFWLRQDOL]HG 0:&17V 7KH GLVSHUVLRQ RI WKH I0:&17V LV VXSHULRU DQG WKH &2 IORZ LV
LQFUHDVHGGXHWRWKH3(2,PSURYHPHQWLQORQJWHUPVWDELOLW\LVREWDLQHGDVZHOO

(IIHFWRI0:&17VRQ2SHUPHDQFH







      
7LPHK
2 
3
HU
P
HD
QF
HP
 P
 K
E
DU
 3,0
ZW0:&173,0
3$1
ZWI0:&173,0
3$1

)LJXUH)OX[PHDVXUHPHQWRIR[\JHQLQORQJWHUP

&RQFOXVLRQV
1901 M.M. Khan et al. /  Procedia Engineering  44 ( 2012 )  1899 – 1901 
7KHVH UHVXOWVVKRZ WKH LPSURYHPHQW LQ ORQJ WHUPVWDELOLW\RIR[\JHQ IOX[E\DGGLQJRI&17V
7KH 3(2&17V LQGLFDWH LQ FRQWUDGLFWLRQ WR SXUH &17V EHWWHU GLVSHUVLRQ 7KLV UHVXOWV KLJKHU
SHUPHDQFH
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